The JNK/SAPK activator mixed lineage kinase 3 (MLK3) transforms NIH 3T3 cells in a MEK-dependent fashion.
Mixed lineage kinases (MLKs) form a family of serin/threonine protein kinases with multiple protein/protein interaction domains (SH3, Cdc42 Rac interactive binding sequence, leucine zipper, and proline rich region), the physiological roles of which are largely unknown. We show that overexpression of wild type MLK3 leads to morphological transformation of NIH 3T3 fibroblasts and growth in soft agar. Consistent with this transforming potential, we demonstrate that MLK3 strongly induces transcription from a reporter construct that is driven by a composite AP-1-/Ets-1-enhancer element in HEK 293 cells. In the same cell system, MLK3 preferentially activates the c-Jun NH2-terminal kinase/stress-activated protein kinase (JNK/SAPK) mitogen-activated protein kinase cascade and to a lesser degree the extracellular signal-regulated kinase (ERK) pathway. Activation of the latter can be further enhanced by coexpression of wild type MEK1 and is blocked by the synthetic MEK inhibitor PD 098059 or a kinase-dead MEK1 mutant. Immunoprecipitated MLK3 catalyses the phosphorylation of MEK1 in vitro, but this phosphorylation leads only to a marginal activation. In support of these data, we also show that MEK1 is highly phosphorylated in vivo on Ser 217/221 in MLK3-transformed fibroblasts, whereas activating ERK phosphorylations are barely detectable. Nevertheless, MLK3-transformed NIH 3T3 fibroblasts are partially reverted when activation of MEK is specifically blocked with PD 098059. Our combined data show that although MLK3 is primarily an activator of the JNK/SAPK pathway, overexpression of the wild type protein leads to a transformed phenotype in NIH 3T3 cells that can be partially reversed by a synthetic MEK inhibitor. We conclude that the ERK pathway is necessary for MLK3-mediated transformation.